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ABSTRACT 


An  initial  survey  was  conducted  to  identify  variables  affecting  call-processing  efficiencyin  a 
tactical  communications  environment  from  tape  recordings  of  live  switchboard  traffic  obtained  at 
operational  sites  in  South  Vietnam. 

The  collected  data  were  analyzed  to  furnish  specific  information  regarding  traffic 
composition,  average  call-processing  times,  and  operator  efficiency. 
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A  PRELIMINARY  STUDY  OF 

VARIABLES  AFFECTING  CALL  PROCESSING  EFFICIENCY 
IN  A  TACTICAL  ENVIRONMENT 


INTRODUCTION 


The  need  for  fast,  reliable  switching  has  long  been  recognized  as  a  prerequisite  for  an 
effective  tactical  communications  system.  Presumably,  optimum  efficiency  could  best  be 
obtained  through  automatic  switching,  thus  the  Army  is  currently  investigating  the  feasibility  of 
such  equipment  and  related  procedures.  Even  after  automated  tactical  switching  is  realized, 
however,  there  will  be  a  continuing  need  for  manual  switching  to  serve  those  units  whose 
communications  requirements  do  not  justify  the  speed  or  sophistication  of  automated  switching 
or  whose  mobility  requirements  would  preclude  its  use.  These  types  of  units  would  still  require 
the  inherent  flexibility  of  operator-serviced  switchboards. 

Although  automatic  switching  would  not  be  appropriate  in  certain  instances,  retaining  the 
current  family  of  manual  switchboards  is  not  completely  acceptable  either.  They  are  too  slow 
and  tend  to  form  traffic  bottlenecks.  Accordingly,  a  new  family  of  cordless  manual  switchboards 
is  being  developed  by  the  Army  Area  Communications  Systems  (AACOMS)  project  manager's 
office.  These  new  switchboards  are  being  designed  for  easier  and  faster  operation  than  present 
manual  boards  and  are  to  be  implemented  where  automatic  switching  is  not  practical  but  where 
there  is  a  definite  requirement  for  high  call-handling  efficiency. 

The  Switchboard,  Telephone,  Cordless,  Manual  SB-3082(  )/GT  is  an  example  of  the  new 
switchboard.  It  is  a  two-wire  telephone  switchboard  of  50-termi nation  capacity  and  is  basically 
the  counterpart  of  the  SB-86/P,  a  two-wire  manual  switchboard  of  30  terminations  expandable  to 
60  lines. 

It  has  been  demonstrated  that  the  SB-3082(  )/GT  is  more  efficient,  i.e.,  allows  an  operator 
to  handle  more  calls  per  unit  time  than  the  SB-86/P1.  Although,  in  any  given  situation,  the 
SB-3082(  )/GT  would  be  expected  to  outperform  the  SB-86/P,  it  is  obvious  that  where  traffic 
density  is  low,  the  greater  capability  of  the  SB-3082(  )/GT  would  be  wasted.  Thus,  present 
expectations  are  that  the  semi-automatic  board  will  replace  the  SB-86s  at  locations  where  there  is 
a  like  requirement  for  circuit  capacity  but  a  higher  than  normal  traffic  density. 

Since  a  complete  replacement  of  the  SB-86s  is  not  currently  anticipated,  it  is  desirable  to 
establish  criteria  for  optimal  deployment  of  the  new  semi-automated  equipment.  However, 
before  these  criteria  can  be  formulated,  basic  information  relevant  to  the  characteristics  of  the 
tactical  switchboards'  working  environment  is  required. 


^Phelps,  R.  M.,  &  Burner,  L.  R.  A  study  of  call  processing  on  the  SB-3082(  )/GT  switchboard. 
Technical  Memorandum  1-69,  U.  S.  Army  Human  Engineering  Laboratories,  Aberdeen  Proving 
Ground,  Md.,  1969. 
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To  gain  this  type  of  information,  live  switchboard  traffic  data  was  collected  at  tactical  sites 
in  South  Vietnam.  These  data  were  then  analyzed  to  clarify  three  main  areas:  1)  identification  of 
call-traffic  composition;  2)  generation  of  basic  information  on  total  call-processing  times,  and  3) 
determination  of  the  effects  of  call  type  and/or  traffic  density  on  operators'  call-processing 

jefficiency. 


METHOD 


The  live  traffic  data  was  obtained  at  three  operational  tactical  communications  sites  which 
employed  the  SB-86/P  manual  switchboard  in  the  60-termination  mode  (Fig.  1).  The  units  served 
by  these  switchboards  were  a  brigade  tactical  operations  center  (Site  1),  a  division  forward  base 
(Site  2),  and  a  brigade  headquarters  (Site  3).  Traffic  was  monitored  for  six  hours  at  each  site 
during  periods  of  expected  peak  traffic.  The  actual  times  of  day  varied  and  were  determined  by 
personnel  familiar  with  traffic  patterns  at  the  given  site. 

Data  was  collected  by  connecting  a  tape  recorder  in  parallel  with  the  switchboard  operator's 
headset  position.  This  arrangement  allowed  recording  of  everything  the  operator  heard  or  said, 
without  physically  hindering  his  normal  functions.  The  operators  knew  they  were  being 
monitored  in  all  cases. 

In  addition  to  the  tapes,  the  strip  designators  indicating  circuit  termination  assignments 
were  obtained  for  each  switchboard  along  with  its  trunk  routing  diagram. 

Basically  two  types  of  data  analysis  were  performed.  The  first  was  purely  descriptive  in 
nature  and  sought  to  identify  traffic  composition  and  system  efficiency.  This  analysis  involved 
categorizing  service  requests,  establishing  their  relative  frequencies  and  determining  their 
outcomes. 

The  second  approach  to  the  data  analysis  was  to  identify  operators'  call-handling  procedures 
and  determine  the  effects  of  different  traffic  conditions.  This  was  done  by  measuring  total 
call-processing  times,  reducing  these  times  to  component  elements,  identifying  associated 
operator  tasks,  and  determining  operators'  performance  as  a  function  of  call  type  and  traffic 
conditions. 

The  raw  data  was  taken  from  the  tapes  by  repetitive  playback.  First,  each  service  request 
was  logged  in  and  classified  by  type  and  outcome.  Then,  for  each  operator-processed  request  the 
separate  call  elements  were  timed  with  a  stopwatch. 


Call  Types 

Two  categories  of  service  request  were  established:  Normal  -  subscriber  requests  called 
party  using  the  correct  call  designator;  and  Information  --  caller  requests  called  party  using 
anything  other  than  the  proper  call  designator.  In  addition,  each  service  request  was  classified  as 
being  a  local  or  trunk  request,  depending  on  the  intended  immediate  termination  of  the  call.  Calls 
forwarded  to  end  instruments  directly  connected  to  the  switchboard  were  designated  local,  while 
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FIG.  1.  SB-86/P  SWITCHBOARD  IN  60 TERMINATION  MODE 
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those  directed  to  another  switchboard  were  designated  trunk  requests.  Thus  four  basic  call  types 
were  established,  normal  local  (NL),  normal  trunk  (NT),  information  local  (IL),  and  information 
trunk  (IT). 


Call  Outcome 

Two  possible  outcomes  of  call  requests  were  considered.  Either  the  call  was  rung  forward  by 
the  operator  or  the  call  attempt  was  abandoned.  (The  latter  case  is  typically  called  an  "abort" 
and  can  result  from  either  busy  circuits  or  system  outages.) 


Call  Elements 

Total  time  for  a  completed  call  request  was  divided  into  four  discrete  segments:  1)  Search  - 
time  required  for  the  operator  to  recognize  and  acknowledge  a  service  request;  2)  Connect  --  time 
for  the  operator  to  determine  where  the  call  is  directed  and  physically  establish  the  desired 
connection;  3)  Ring  --  time  the  operator  spends  ringing  the  circuit  forward;  and  4)  Disconnect  - 
time  the  operator  spends  breaking  down  the  connection  when  the  parties  are  finished  talking. 

On  the  SB-86/P,  a  service  request  can  occur  at  any  of  the  assigned  terminations.  When  a 
calling  party  signals  the  switchboard,  a  line  signal  (Fig.  2)  turns  from  black  to  white.  (An  audible 
alarm  can  be  keyed  to  this  change  in  line  signal  status  but  its  use  is  optional.)  The  operator 
acknowledges  the  request  by  moving  the  cord  circuit-switch  (Fig.  2)  of  an  idle  circuit  forward 
to  the  TALK/LIST  position,  plugging  the  associated  answer  cord  (Fig.  2)  into  the  line  jack  (Fig. 
2)  directly  below  the  white  signal,  and  stating  the  switchboard  designator.  The  caller  then  states 
his  desired  number,  and  the  operator  establishes  the  connection  (assuming  the  circuit  is  not  busy 
or  defective)  by  plugging  the  call  cord  (Fig.  2)  into  the  proper  line  jack.  The  operator  then  rings 
the  circuit  several  times  and  finally  removes  himself  by  returning  the  TALK/LIST  switch  to  the 
neutral  position. 

When  the  operator  is  not  extending  calls,  he  monitors  the  call  supervisory  signals  (Fig.  3) 
which  indicate  line  status.  When  one  or  both  of  these  signals  turn  white,  the  operator  moves  the 
associated  cord  circuit  switch  to  TALK/LIST  and  asks  the  parties  if  they  are  finished.  If  someone 
answers,  the  operator  removes  himself  from  the  circuit.  If  no  one  answers,  the  operator  breaks 
down  the  circuit  by  removing  both  call  circuit  cords  and  returns  the  cord  circuit  switch  to  the 
neutral  position. 

Keying  these  operator  functions  to  the  physical  manipulation  of  the  switchboard  resulted  in 
the  following  definitions  used  to  quantify  call-element  times: 

a.  Search  --  time  from  change  in  line  signal  status  from  black  to  white  to  insertion  of  answer 

cord; 

b.  Connect  -  time  from  insertion  of  answer  cord  to  insertion  of  call  cord; 

c.  Ring  --  time  spent  ringing  the  circuit; 
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FIG.  2.  JACK  FIELD  SECTION 
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FIG.  3.  KEYSHELF  SECTION 


d.  Disconnect  --  time  from  placement  of  cord  circuit  switch  in  TALK/LIST  and  removal  of 
call  cords  to  return  of  circuit  switch  to  neutral  position. 

RESULTS  AND  DISCUSSION 

Traffic  Composition 

Data  was  collected  on  a  total  of  1067  service  requests.  A  summary  of  the  traffic  broken 
down  by  call  type  is  presented  in  Table  1  for  each  site  and  as  a  composite. 

TABLE  1 


Relative  Frequency  of  Call  Types 


Site 

Total 

Calls 

_ Call  Type _ 

NT 

NL 

IT 

IL 

1 

677 

470(69.4) 

100^ 14 

39(5.8) 

68(10.0) 

2 

223 

1 40(62.8) 

56(25.1) 

7(3.1) 

2q(9.0) 

3 

167 

97(58.1) 

40<24.0) 

9(5.4) 

2^(1 2.5) 

Total 

1067 

707(66.3) 

ig6(18.4) 

55<5-2> 

lOgO0-1) 

NOTE:  Numbers  in  parentheses  are  percentages. 


As  shown,  the  most  common  service  request  was  for  a  trunk  circuit  (NT  +  IT  =  71.5%),  and 
most  requests  were  placed  in  the  normal  manner  (NT  +  NL  =  84.7%).  Information  service 
requests  accounted  for  only  1 5.3  percent  of  the  total  and  most  of  these  were  for  local  circuits. 

These  profiles  are  important  because  they  reflect  the  kind  of  service  the  subscriber  needs. 
Whether  those  needs  are  anticipated  and  met  largely  determines  the  overall  effectiveness  of  the 
system. 


Circuit  Allocation 


The  switchboard  termination  assignments  for  Sites  1  and  2  are  presented  in  Table  2. 
Termination  assignments  for  Site  3  were  lost  when  the  switchboard  was  relocated. 

TABLE  2 

Switchboard  Termination  Assignments 


Site 

Local 

Trunk 

Unassigned 

1 

18(30.0) 

22  (36.7) 

20  (33.3) 

2 

23  (38.3) 

19  (31.7) 

18(30.0) 

Total 

41  (34.2) 

41  (34.2) 

38(31.6) 

NOTE:  Numbers  in  parentheses  are  percentages. 


As  the  table  shows,  31.6  percent  of  the  known  available  terminations  were  not  used.  Also, 
of  the  terminations  that  were  assigned,  local  and  trunk  circuits  were  divided  equally.  This  meant 
that,  on  the  average,  50  percent  of  the  known  allocated  circuits  were  being  asked  to  carry  more 
than  70  percent  of  the  total  traffic.  Whether  this  imbalance  was  a  result  of  poor  planning  or 
simply  lack  of  equipment  is  not  known. 


Call  Outcome 

An  additional  indicator  of  system  efficiency  was  determined  by  identifying  the  outcome  of 
call  requests. 

A  summary  of  the  immediate  results  of  service  requests  is  presented  in  Table  3. 

As  shown,  80.1  percent  of  all  call  requests  were  rung  forward.  Of  the  19.9  percent  aborted, 
the  majority  were  prevented  by  busy  circuits.  A  breakdown  of  these  busy-circuit  aborts  is 
presented  in  Table  4. 
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TABLE  3 

Immediate  Results  of  Call  requests 


Site 

Call 

Requests 

Calls 

Rung 

Forward 

Calls  Aborted 

Busy  Circuits  System  Outages 

1 

677 

494  (73.0) 

137  (20.2) 

46(6.8) 

2 

223 

207  (92.8) 

7(3.1) 

9(4.1) 

3 

167 

154(92.2) 

12(7.2) 

1  (0.6) 

Total 

1067 

855  (80.1) 

156  (14.6) 

56  (5.3) 

NOTE:  Numbers  in  parentheses  are  percentages. 


TABLE  4 

Relative  Frequency  of  Busy  Circuit  Aborts  by  Circuit  Type 


Site 

Trunk 

Local 

1 

104  (75.9) 

33(24.1) 

2 

5(71.4) 

2  (28.6) 

3 

5(41.7) 

7  (58.3) 

Total 

114(73.1) 

42  (26.9) 

NOTE:  Numbers  in  parentheses  are  percentages. 
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As  shown,  73.1  percent  of  all  busy-circuit  aborts  were  the  result  of  trunk  requests.  Since  the 
relative  frequency  of  these  aborts  is  in  accordance  with  the  frequency  of  trunk  requests  (NT  +  IT 
=  71.5%)  noted  in  Table  1,  there  is  good  reason  to  relate  the  high  incidence  of  busy-trunk  aborts 
to  inappropriate  circuit  allocation.  Equally  important  is  the  implication  that  if  sufficient 
communications  equipment  had  been  available  and  utilized  a  higher  degree  of  system  efficiency 
could  have  been  attained. 

A  final  point  suggested  by  the  traffic  profiles  concerns  information  calls.  Table  5  presents  a 
breakdown  of  service  requests  by  circuit  type. 

TABLE  5 

Service  Requests  by  Circuit  Type 


Site 

Trunk 

Local 

Normal 

Info 

Normal 

Info 

1 

470  (92.3) 

39  (7.7) 

100(59.5) 

68  (40.5) 

2 

140(95.2) 

7  (4.8) 

56  (7.37) 

20  (26.3) 

3 

97  (91.5) 

9  (8.5) 

40  (65.6) 

21  (34.4) 

Total 

707  (92.8) 

55  (8.2) 

196  (64.3) 

109  (35.7) 

As  shown,  only  7.2  percent  of  all  trunk  service  requests  were  information  calls.  In 
comparison,  35.7  percent  of  all  local  call  requests  were  of  the  information  type. 

t 

Table  6  presents  information  calls  separately  to  better  illustrate  their  relative  occurrence. 

TABLE  6 

Incidence  of  Information  Calls 


Site 

Trunk 

Local 

1 

39  (36.4) 

68  (63.6) 

2 

7  (25.9) 

20(74.1) 

3 

9  (30.0) 

21  (70.0) 

Total 

55  (33.5) 

109  (66.5) 

NOTE:  Numbers  in  parentheses  are  percentages. 
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These  figures  show  that  of  all  information  service  requests  (IT  +  IL),  which  comprised  15.3 
percent  of  the  total  traffic  (Table  1),  66.5  percent  were  local  calls. 

The  data  presented  in  Tables  5  and  6  furnish  a  good  picture  of  user  characteristics. 
Apparently,  subscribers  tended  to  be  more  casual  about  placing  local  calls  than  trunk  calls  (which 
are  essentially  long-distance  calls).  The  exact  reasons  for  this  poor  user  habit  are  uncertain.  It 
may  be  the  practice  is  fostered  and  reinforced  by  the  operators'  seeming  lack  of  difficulty  in 
placing  the  calls  and/or  failure  to  complain. 


Call-Processing  Times 

It  proved  impossible  to  detect  insertion  or  removal  of  circuit  cords  by  listening  to  the  data 
tapes.  Also,  the  manipulations  of  call  circuit  switches  could  not  be  accurately  determined.  Asa 
result,  call-element  definitions  had  to  be  modified  to  allow  quantification  of  search,  connect,  and 
disconnect  times. 

The  new  definitions  were  as  follows: 

a.  Search  --  time  from  change  in  line  signal  status,  accompanied  by  the  night  alarm  buzzer, 
to  beginning  of  the  operator's  statement  of  the  switchboard  designator; 

b.  Connect  --  time  from  beginning  of  operator's  statement  of  switchboard  designator  to  start 
of  first  ring; 

c.  Disconnect  -  time  from  beginning  of  operator's  initial  query  of  line  status  to  the 
completion  of  his  statement  of  intention  to  break  the  circuit. 

Timing  the  call  elements  this  way  afforded  the  most  reliable  means  of  assessing  operator 
performance  without  compromising  the  validity  of  the  measures. 

It  was  also  impossible  to  get  measurements  of  each  call  element  for  every  call.  Search  times 
were  obtainable  only  when  the  audible  night  alarm  was  turned  on  and  typically  it  was  not. 
Evidently,  during  heavy  traffic  the  alarm  is  annoying  since  it  will  not  stop  buzzing  while  an 
unserviced  call  remains  on  the  board.  When  the  service  requests  begin  to  overlap,  the  operator 
turns  off  the  alarm.  This  practice  was  most  obvious  at  Site  1,  where  out  of  677  service  requests, 
only  52  search  times  were  noted.  Even  where  traffic  was  light,  as  at  Sites  2  and  3,  the  alarm  was 
not  used  continuously. 

Disconnects  presented  a  different  problem.  Although  not  difficult  to  measure,  it  was 
impossible  to  associate  them  with  any  given  service  request. 

For  these  reasons,  no  exact  total  call-processing  times  could  be  stated.  However,  by  adding 
the  mean  times  for  each  call  element,  "best”  estimates  were  derived. 

Table  7  summarizes  the  average  call-element  times  (regardless  of  call  type)  measured  at  each 
of  the  three  sites  and  also  as  a  composite. 
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TABLE  7 


Average  Call  Element  Times 


Site 

Search 
><  a 

Connect 
x  a 

X 

Disconnect 
x  <r 

Total* 

1 

5.9 

1.8 

6.3 

.3.4 

4.1 

1.7 

5.3 

1.5 

21.6 

2 

5.8 

1.2 

5.6 

2.7 

4.4 

2.3 

5.6 

1.1 

21.4 

3 

5.3 

1.3 

5.4 

2.9 

3.1 

1.3 

4.8 

0.8 

18.7 

Composite 

5.7 

1.5 

5.9 

3.2 

4.0 

1.9 

5.2 

1.3 

20.9 

NOTE:  All  times  are  in  seconds 
*Best  estimates 

The  figures  shown  are  mean  times  the  operators  spent  completing  the  various  tasks 
associated  with  each  call  element.  The  overall  "best”  estimate  of  total  call-processing  time,  based 
on  the  available  data,  was  20.9  seconds.  Thus,  indications  are  that  a  single  operator  could  not  be 
expected  to  process  more  than  three  calls  per  minute  or  180  calls  per  hour.  Even  this  figure  is 
unrealistic  since  it  assumes  the  operator  has  no  duties  other  than  extending  calls.  Also  not 
considered  is  the  incidence  of  aborts  which  must  be  handled.  We  feel  that  a  more  realistic 
estimate  of  call-processing  capability  would  be  about  2.5  calls  per  minute. 


Influence  of  Call  Type  on  Call  Element  Processing  Times 

In  determining  possible  effects  of  call  type  on  call-element  processing  times,  only  connect 
and  ring  times  could  be  studied.  Search  times  were  not  considered  because  so  few  were  measured 
and  it  was  feared  they  might  not  be  representative.  Disconnects  could  not  be  associated  with  any 
call  type. 

The  possibility  of  significant  differences  in  call-element  processing  times  related  to  call  type 
was  determined  by  standard  t_ tests.  A  summary  of  the  comparison  of  connect  and  ring  times  as 
influenced  by  call  type  is  presented  in  Table  8. 

Only  two  of  the  relationships  tested  were  statistically  significant.  Connect  times  for 
information  trunk  calls  were  significantly  longer  than  for  either  normal  trunks  or  information 
locals. 

The  reasons  for  the  significantly  longer  connect  times  associated  with  information  calls  are 
fairly  clear.  Whether  consciously  or  not,  the  operator  memorizes  the  terminations  on  his  board. 
In  addition,  he  knows  where  the  circuits  go.  In  the  case  of  a  local  line,  he  knows  the  exact 
termination  and  if  the  subscriber  does  not  use  the  proper  call  designator  it  is  no  great  problem. 
With  a  trunk  line,  the  operator  knows  only  an  intermediate  termination,  i.e.,  another 
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TABLE  8 


Summary  of  t^Tests:  Influence  of  Call  Type  on 
Call  Element  Times 


NT 

IL 

IT 

Connect  Ring 

Connect 

Ring 

Connect 

Ring 

NL 

Connect 

0.322 

0.536 

Ring 

Connect 

Ring 

0.675 

0.368 

3.348(01) 

0.850 

NT 

IL 

Connect 

3.128<l01) 

Ring 

1.532 

t  required  for  significance  at  .01  level  of  confidence  =  2.576 


switchboard.  When  a  caller  requests  an  unfamiliar  termination,  the  operator  must  ask  the 
subscriber  how  to  get  there.  The  dialogue  required  to  determine  the  call  route  is  what  inflates  the 
connect  time. 

This  line  of  reasoning  is  further  substantiated  by  the  fact  there  was  no  significant  difference 
between  information  local  and  normal  local  connect  times. 

There  were  no  significant  relationships  between  ring  time  and  call  type. 


Busy  Calls 

The  time  an  operator  spends  handling  a  busy  abort  consists  of  search  time  and  a  discussion 
period  during  which  he  explains  the  nature  of  the  busy  circuit.  How  long  the  latter  takes  depends 
on  how  much  information  the  subscriber  wants.  From  our  data,  it  was  determined  the  average 
time  spent  handling  busy  calls  was  7.4  seconds  (a  =  3.6  secs.)  or  about  two  seconds  longer  than  the 
normal  search  plus  connect  for  a  call  rung  forward. 


Traffic  Density  Versus  Call-Processing  Times 

The  average  service  request  rates  at  the  switchboards  surveyed  were  Site  1,  113  calls  per 
hour;  Site  2,  45  calls  per  hour;  and  Site  3,  33  calls  per  hour.  To  study  the  possible  effects  of 
traffic  density  on  operator  performance,  the  data  obtained  at  Sites  2  and  3  were  combined  and 
compared  with  those  gathered  at  Site  1 . 
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Table  9  presents  the  results  of  tjests  run  to  compare  connect,  ring,  and  disconnect  times  as 
a  function  of  traffic  density.  (Again,  not  enough  search  times  were  available  for  meaningful 
comparison.) 


TABLE  9 

Summary  of  £Tests:  Influence  of  High  and  Low 
T raffic  on  Call-Element  Times 


Low  T  raffic 

Connect 

Ring 

Disconnect 

Connect 

3.159<-01> 

High 

T  raffic 

Ring 

2. 1 19(05) 

Disconnect 

0.853 

^required  for  significance  at  .01  level  of  confidence  =  2.576,  .05  =  1.960 


Two  differences  were  statistically  significant.  Connect  and  ring  times  were  both  longer  in 
high  traffic  than  in  low  traffic. 

A  reasonable  explanation  for  the  longer  connect  times  in  high  traffic  is  that  the  operator  has 
greater  difficulty  finding  appropriate  line  jacks  on  a  crowded  board.  The  greater  the  number  of 
calls  in  progress,  the  greater  is  the  number  of  call  cords  being  used.  Thus,  in  addition  to  finding 
line  jacks,  the  operator  often  has  to  separate  call  cords  to  make  the  physical  circuit  connections. 
His  performance  in  making  connects  then  can  be  adversely  affected  by  the  location  of  the  line 
jacks  he  must  service.  The  feasibility  of  this  type  of  reasoning  is  illustrated  in  Figure  4,  which 
shows  an  operator  in  the  process  of  making  a  connect  in  a  crowded  portion  of  the  board. 

The  factors  which  caused  ring  times  to  be  longer  in  high  traffic  are  uncertain.  It  would  have 
been  more  logical  to  assume  that  operators  servicing  boards  during  low  traffic  periods  would  ring 
circuits  longer  simply  because  they  had  more  available  time.  Since  the  opposite  was  true, 
indications  are  that  the  time  operators  spend  ringing  circuits  is  reflexive  in  nature  and  highly 
personalized. 


Plug  Supervision 

Typically,  when  not  extending  calls,  the  operator  constantly  scans  the  supervisory  lamps 
(Fig.  3).  The  purpose  of  these  lamps  is  to  inform  the  operator  of  circuit  status.  When  a  lamp 
turns  white,  it  means  the  connected  subscriber  has  relinquished  the  line  or  wishes  additional 
service.  In  either  case,  a  white  lamp  tells  the  operator  of  the  need  to  query  line  status. 

Theoretically,  the  operator  is  not  required  to  check  on  line  status  unless  alerted  to  do  so  by 
a  white  lamp.  However,  since  the  lamp  drops  are  activated  by  ringing  current,  when  finished 
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FIG.  4.  OPERATOR  ANSWERING  A  SERVICE  REQUEST  ON  A  CROWDED  BOARD 
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talking,  it  is  the  subscribers'  responsibility  to  ring  back  the  circuit  to  notify  the  operator  of  the 
freed  circuit.  Subscribers  consistently  fail  to  do  this.  The  operator  has  a  constant  need  for  free 
circuits  to  place  new  calls,  so  he  is  forced  to  do  plug  supervision  regardless  of  supervisory  lamp 
status. 

How  this  unnecessary  time  can  add  up  is  demonstrated  by  the  fact  that  at  Site  1,  where 
traffic  was  the  heaviest,  operators  spent  an  average  of  seven  minutes  per  hour  doing  plug 
supervision,  exclusive  of  disconnects.  This  problem  is  largely  unjustified  and  could  be  greatly 
minimized  through  proper  subscriber  education. 


SUMMARY  AND  CONCLUSIONS 


Live  switchboard  traffic  was  recorded  at  three  tactical  communications  sites  in  South 
Vietnam.  This  data  was  collected  to  gain  information  about  traffic  composition,  average  total 
call-processing  times,  and  operator  efficiency  as  a  function  of  call  type  and  traffic  conditions. 

For  purposes  of  data  analysis,  service  requests  were  placed  into  two  categories  -  normal  and 
information.  Calls  were  further  classified  as  being  either  local  or  trunk  depending  on  their 
immediate  termination.  This  resulted  in  establishing  four  basic  call  types:  normal  local,  normal 
trunk,  information  local,  and  information  trunk.  Finally,  each  completed  call  was  divided 
according  to  operator  function  into  component  elements  of  search,  connect,  ring  and  disconnect, 
and  these  elements  were  studied  as  influenced  by  call  type  and  traffic  density. 

I  n  general,  the  results  of  this  study  were  as  follows: 

1.  Traffic  Composition  -  The  bulk  of  all  traffic  was  normal  local  calls  and  they  were  placed 
in  the  normal  manner.  Information  calls,  although  comprising  a  small  percentage  of  the  total 
traffic,  were  predominantly  locals  --  an  indication  of  poor  user  habits. 

2.  Total  Average  Call-Processing  Time  -  A  best  estimate  of  total  average  total  call-processing 
time  was  placed  at  20.9  seconds.  According  to  this  figure  alone,  an  average  operator  could  extend 
about  three  calls  per  minute.  However,  the  operator  has  to  perform  other  tasks  such  as  handling 
aborts  and  doing  plug  supervision.  Accordingly,  a  more  realistic  call-processing  capability  was 
placed  at  2.5  calls  per  minute. 

3.  Operator  Efficiency  -  Operator  efficiency  in  performing  the  various  call-processing  tasks 
varied  both  as  a  function  of  call  type  and  traffic  density.  It  was  determined  that  call  request  type 
(normal  versus  information)  influenced  connect  times.  Information  requests,  on  the  average, 
caused  longer  connect  times,  especially  for  trunk  calls.  Ring  and  disconnect  times  were  not 
affected. 

Traffic  density  affected  connect  and  ring  times,  each  being  significantly  longer  in  high 
traffic.  Differences  in  connect  times  were  attributed  to  the  inherent  difficulties  of  manipulating  a 
crowded  board.  Reasons  for  the  longer  ring  times  are  unclear,  which  suggest  this  operator 
function  is  highly  personalized.  Again,  disconnect  times  were  not  affected. 

4.  System  Efficiency  -  Of  all  service  requests  80.1  percent  were  rung  forward;  the  rest  were 
aborted  by  reason  of  busy  circuits  or  system  outages.  The  majority  of  all  aborts  resulted  from 
busy  trunk  circuits. 
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The  information  derived  from  this  study  supports  two  general  conclusions:  (1)  to  maximize 
the  efficiency  of  tactical  communications  systems,  circuit  requirements  must  be  accurately 
anticipated  and  sufficient  equipments  allocated  to  fulfill  them  and  (2)  optimal  performance  of 
even  the  best  planned  system  can  be  attained  only  through  proper  subscriber  education. 


17 


DISTRIBUTION  LIST 


CG,  USAMC,  Wash,  D.  C. 

AMCRL  (Qfc  of  Dep  for  Labs)  1 

AMCRD  (Air  Def  &  Msl  Ofc)  1 

AMCRD  (Air  Mobility  Ofc)  1 

AMCRD  (Comm  -Elec  Ofc)  1 

AMCRD -G  1 

AMCRD  (Weapons  Ofc)  1 

AMCRD  (Dr-  Kaufman)  1 

AMCRD  (Mr.  Crellin)  1 

Ofc  of  Chief  of  Staff,  DA,  Wash,  D.  C. 
CSAVCS-W-TIS  1 

USA  Behavioral  Science  Rsch  Lab. 
Arlington,  Va.  1 

Dr.  J.  E.  Uhlaner,  Dir. 

USA  Behavioral  Science  Rsch  Lab. 
Arlington,  Va.  1 

Behavioral  Sciences  Division 

Ofc,  Chief  of  Rsch  &  Development,  DA 

Washington,  D.  C.  1 

Deputy  Chief  of  Staff  for  Personnel 
Dept  of  Army,  Wash,  D.  C. 

Personnel  Rsch  Div.  1 

CG,  USACDC,  Fort  Belvoir,  Va. 

CDCCD-C  1 

CDCMR  1 

CDCRE  1 

CO,  USACDC  Air  Defense  Agency 
Fort  Bliss,  Texas  1 

CO,  USACDC  Armor  Agency 

Fort  Knox,  Ky.  1 

CO,  USACDC  Artillery  Agency  , 

Fort  Sill,  Okla.  1 

CO,  USACDC  Aviation  Agency 

Fort  Rucker,  Alabama  1 

CO,  USACDC  CBR  Agency 

Fort  McClellan,  Alabama  1 

CG,  USACDC  Combat  Arms  Group 
Fort  Leavenworth,  Kansas  1 

CG,  USACDC  Combat  Svc  Spt  Gp. 

Fort  Lee,  Va.  1 

CO,  USACDC  Comm -Elec  Agency 
Fort  Monmouth,  N.  J.  1 

CO,  USACDC  Engineer  Agency 

Fort  Belvoir,  Va.  1 

CO,  USACDC  Inst  of  Strat  &  Stab  Opns 
Fort  Bragg,  N.  C.  1 


CO,  USACDC  Med  Svc  Agency 
Fort  Sam  Houston,  Texas  1 

CO,  USACDC  Military  Police  Agency 
Fort  Gordon,  Georgia  1 

CO,  USACDC  Supply  Agency 
Fort  Lee,  Va.  1 

USACDC  Experimentation  Command 
Fort  Ord,  Calif. 

Liaison  Office  1 

Tech  Library,  Box  22  1 

Human  Factors  Division 

G-2/3,  USACDCEC 

Fort  Ord,  Calif.  1 

CO,  USA  Environ  Hygiene  Agency 
Edgewood  Arsenal,  Md. 

Librarian,  Bldg  2400  2 

Human  Factors  Br,  Med  Rsch  Lab 
Rsch  Labs,  Edgewood  Ars,  Md.  1 

CO,  USA  Edgewood  Arsenal 

Psychology  Branch  1 

CO,  Frankfort  Arsenal,  Phila,  Pa. 
SMUFA  -N/6400/ 202  -4  (HF)  1 

Library  (C2500,  B1  51-2)  1 

CO,  Picatinny  Arsenal,  Dover,  N.  J. 

SMUPA-VC1  (Dr.  Strauss)  1 

CG,  USA  Electronics  Command 
Fort  Monmouth,  N.  J. 

AMSEL-RD-GDA  1 


Dir,  Military  Psychol  &  Leadership 


US  Mil  Academy,  West  Point,  NY  1 

CO,  Watervliet  Arsenal,  N.  Y. 
SWEWV-RDT  1 

CO,  USA  Med  Equip  Rsch  &  Dev  Lab 
Fort  Totten,  Flushing,  LI,  NY  1 

CO,  USA  Rsch  Inst  of  Envir  Med 
Natick,  Mass. 

MEDRI-CL  (Dr.  Dusek)  1 

CG,  USA  Medical  R&D  Command 
Main  Navy  Bldg,  Wash,  D.C. 

Behavioral  Sciences  Rsch  Br  1 

Dir,  Walter  Reed  Army  Inst  Rsch 
Washington,  D.  C. 

Neuropsychiatry  Div.  1 


CO,  Harry  Diamond  Laboratories 
Washington,  D.  C. 

AMXDO-EDC  (B.  I.  Green) 


CO,  USA  Mobility  Equip  R&D  Ctr 
Fort  Belvoir,  Va. 

Human  Factors  Engr.  1 

USAETL-TEB 
Fort  Belvoir,  Va. 

T.  L.  Fick  1 


Commandant,  Army  Logistics 
Mgmt  Ctr,  Fort  Lee,  Va. 

E.  F.  Neff,  Proc  Div.  1 

USA  Gen  Equip  Test  Activity 
Methods  Engr  Dir,  Hum  Fact  Div 
Fort  Lee,  Va.  1 

CG,  US  CONARC 

Fort  Monroe,  Va.  1 

ATIT-RD-RD  1 

CO,  USA  Rsch  Ofc,  Box  CM 
Duke  Station,  Durham,  N.  C.  1 

Dir  Rsch,  USA  Avn  HRU 
PO  Box  428,  Fort  Rucker,  Ala. 
Librarian  1 

CG,  USA  Missile  Command 
Redstone  Arsenal,  Ala. 

AMSMI-RBLD  1 

AMSMI-RSB  (Chaikin)  1 

President,  USA  Infantry  Board 
Fort  Benning,  Georgia  1 

President,  USA  Maintenance  Board 
Fort  Knox,  Ky. 

Adjutant  1 

USA  Armor,  Human  Rsch  Unit 
Fort  Knox,  Ky. 

Library  1 

CO,  USA  Med  Rsch  Lab 

Fort  Knox,  Ky.  1 

CG,  USA  Weapons  Command 
Rock  Island,  Ill. 

AMSWE-RDT  1 

AMSWE-SMM-P  1 

SWERI-RDD-PD  2 

CG,  USA  Tank -Automotive  Command 
Warren,  Michigan 

SMOTA-RR  1 

AMSTA-BSL  2 

AMSTA-BAE  1 


1 


Director  of  Research 

Hum  RRO  Div.  No.  5  (Air  Defense) 

PO  Box  6021,  Fort  Bliss,  Texas  1 


USN  Submarine  Med  Ctr,  Libr 
Box  600,  USN  Sub  Base 
Groton,  Conn. 


The  Franklin  Inst  Research  Labs. 
Phila,  Pa. 

Tech  Reports  Library  1 


Commandant,  USA  Artillery  & 
Missile  School,  Fort  Sill,  Okla. 
Dir,  Dept  of  Gunnery 
USAAMS  Tech  Library 

CG,  White  Sands  Msl  Range,  NM 
Technical  Library 
STEWS -TE-Q  (Mr.  Courtney) 

CG,  USA  Elec  Proving  Ground 
Fort  Huachuca,  Ariz. 

Mr.  Abraham,  Test  Dir. 

CO,  USA  Garrison 
Fort  Huachuca,  Ariz. 

Technical  Library 

CO,  Yuma  Proving  Ground 
Yuma,  Ariz. 

Technical  Library 

CO,  USA  Tropic  Test  Center 
PO  Drwr  942,  Fort  Clayton,  CZ 
Behavioral  Scientist 

CO,  USA  Arctic  Test  Center 
APO  Seattle,  Wash. 

STEAC-IT 


USA  Test  &  Eval  Command 
Bldg  3071,  APG 

USACDC  Liaison  Office 
Bldg  3071,  APG 


CO  &  Dir,  Naval  Training  Dev  Ctr. 


Orlando,  Fla. 

2  Technical  Library  1 

1 

US  Navy  Electronics  Laboratory 
San  Diego,  Calif. 

1  Ch,  Human  Factors  Div.  1 

1 

US  Navy  Liaison  Ofc ,  Bldg  400  1 

US  Marine  Liaison  Ofc,  Bldg  3071  1 

1 

RADC  (EMEDI) 

Griffiss  AFB,  N.  Y.  1 

1  Hq,  ESD(ESTI) 

L.  G.  Hanscom  Field 

Bedford,  Mass .  1 

1  Wright -Patterson  AFB,  Ohio 

6570  AMRL  (MRHE)  2 

6570  AMRL  (MRHER/Bates)  1 

6570  AMRL  (MRHE/Warrick)  1 

2  Air  Force  Flight  Dynam  Lab  1 

AMD  (AMRH)  Brooks  AFB,  Tex.  1 


Civil  Aeromedical  Institute 
Fed  Avn  Agency  Aero  Center 
PO  Box  25082,  Okla  City,  Okla. 
Psychol  Br,  AC -118  1 

1 

USPO  Dept,  Bur  Rsch  &  Engr,  HF  Br 
Washington,  D.  C. 

1  Mr.  D.  Comog  1 


Inst  for  Defense  Analyses 
Arlington,  Va. 

Dr.  J.  Orlansky  1 

Serials  Unit,  Purdue  Inviersity 
Lafayette,  Ind.  1 

Dir,  Hum  Engr  Info  &  Analysis  Service 
Systems  Bldg,  Tufts  University 
Medford,  Mass.  1 

Dept  Psychol,  Univ  of  Maryland 
College  Park,  Md.  1 


Mr.  R.  K.  Brome,  Govt  Pub  Section 

JFK  Memorial  Library 

Calif  State  College /Los  Angeles 


Los  Angeles,  Calif.  1 

Dr.  R.  G.  Pearson,  Dept  of  Ind  Eng 
North  Carolina  State  Univ. 

Raleigh,  N.  C.  1 

Dr.  F.  Loren  Smith 

Dept  Psychol,  Univ  Delaware 

Newark,  Del.  2 

Dr.  H.  W.  Stoudt 

Harvard  Univ. ,  Boston,  Mass .  1 

Dr .  Leonard  Uhr 

Computer  Sci  Dept,  Univ  Wisconsin 
Madison,  Wise.  1 

Dr.  R.  A.  Wunderlich 
Psychol  Dept,  Catholic  Univ. 
Washington,  D.  C.  1 


CO,  USACDC  Maint  Agency 
Bldg  305,  APG 

Tech  Libr,  Bldg  3002,  APG 


Dir,  Naval  Research  Laboratory 
Washington,  D.  C. 

Code  5120 
Code  5143A 

Code  455  Ofc  of  Naval  Research 
Washington,  D.  C. 

Engr  Psychol  Br  (Dr.  Farr) 

Dr.  Morgan  Upton 
Aerospace  Med  Rsch  Dept 
US  Naval  Air  Dev  Ctr 
Johnsville,  Pa. 


US  Dept  Commerce,  CFSTI 
1  Sills  Bldg,  Springfield,  Va.  2 

1  Defense  Documentation  Center 

Cameron  Station,  Alexander,  Va.  20 

Library,  George  Washington  Univ. 
Hum  RRO,  Alexandria,  Va. 

1  Amer  Inst  for  Research 

1  8555  16th  St.,  Silver  Spring,  Md. 

Library 

2  Amer  Inst  for  Research 

1  135  North  Bellefield,  Pgh.,  Pa. 
Library 

Amer  Inst  for  Research 
PO  Box  1113,  Palo  Alto,  Calif. 

1  Library 

Ctr  for  Research  in  Social  Systems 
The  American  University 
Washington,  D.  C. 


Psychological  Abstracts 
1200  17th  Street,  NW 
Washington,  D.  C.  1 

AC  Electronics  Div,  GMC 
Milwaukee,  Wise. 

J.  S.  Inserra,  HF  1 

Tech  Library,  Dept  32  -55  2A  1 

Libr,  Chrysler  Def  Engr,  Detroit  1 

1  Grumman  Aircraft  Engr  Corp. 

Bethpage,  LI,  NY 

L.  Bricker,  Life  Sci,  Plant  5  1 

1  Hughes  Aircraft  Co,  Culver  City,  Calif. 
Co.  Tech.  Doc.  Ctr.  E/110  1 

Itek  Corp,  Lexington,  Mass .  1 

1 

Mgr,  Behavioral  Sciences,  Litton  Sci  Spt 
Lab,  Fort  Ord,  Calif.  1 


U.  S.  Army  Natick  Laboratories 
Natick,  Mass 

Tech  Lib  AMSRE  -STL  1 

U.  S.  Army  Natick  Laboratories 
Behavioral  Sciences  Division 
Natick,  Mass 

AMXRE-PRB 
AMXRE-PRBN 
AMXRE-PRBE 


Dir,  Human  Factors  Engineering 
Mil  Veh  Org,  GMC 

Tech  Center,  Warren,  Mich.  1 

Sprint  Human  Factors  MP  537 
Martin  Co.,  Orlando,  Fla.  1 

Dr .  Herbert  J .  Bauer 
1  GM  Rsch  Labs,  GM  Tech  Ctr 

1  Warren,  Mich.  1 


Dr.  Lauritz  S.  Larsen 
Automobile  Manufacturers  Assoc. 

320  New  Center  Building 
Detroit,  Mich. 

U.  S.  Army  Board  for  Aviation 
Accident  Research  Laboratory 
Fort  Rucker,  Ala. 

Gail  Bankston,  Bldg  5504 

Dr .  Irwin  Pollack 
Mental  Health  Research  Institute 
University  of  Michigan 
Ann  Arbor,  Mich. 

Dr.  Harvey  A.  Taub 
Research  Section,  Psychology  Service 
Veterans  Administration  Hospital 
Irving  Ave  &  University  Place 
Syracuse,  New  York 

Documents  Librarian 
Wilson  Library 
University  of  Minnesota 
Minneapolis,  Minn. 

Federal  Aviation  Administration 
800  Independence  Ave . ,  S .  W . 

Washington,  D,  C. 

Admin  Standards  Div  (MS -110) 

Research  Analysis  Corp. 

McLean,  Va. 

Document  Library 

Ritchie,  Inc.,  Dayton,  Ohio  1 


Dr.  Edwin  Cohen 

Link  Group,  Gen  Precision  Sys  Inc. 
Binghamton,  N.  Y.  1 

1 

Mr .  Henry  E  .  Guttmann 

Sandia  Corp . ,  Albuquerque ,  N .  M .  1 

Dr.  M.  I.  Kurke,  Human  Sciences 
1  Rsch  Inc.,  McLean,  Va.  1 

Mr.  James  Moreland,  Westinghouse 
Elec  Corp.,  R&D  Ctr,  Churchill  Boro 
Pittsburgh,  Pa.  1 

1 

Mr.  F.  M.  McIntyre,  HF  Engr. 

Cleveland  Army  Tank -Auto  Plant 
Cleveland,  Ohio  1 

Mr.  Robert  F.  Roser,  HF,  Sys  Engr. 

1  General  Dynamics  Pomona 

Box  2507,  Pomona,  Calif.  1 

Dr.  S.  Seidenstein,  Org  55-60 
Bldg  151,  Lockheed,  PO  Box  504 
1  Sunnyvale,  Calif.  1 

Dr.  Martin  A.  Tolcott 
Serendipity  Associates 

McLean,  Va.  1 

1 

Mr.  Wesley  E.  Woodson 
MAN  Factors,  Inc. 

San  Diego,  Calif.  1 


Security  Classification 


DOCUMENT  CONTROL  DATA  ■  R  &  D 

(Security  classification  of  title,  body  of  abstract  and  indexing  annotation  must  be  entered  when  the  overall jeport_la_claseifjed^ 


1.  ORIGINATING  A  C  Tl  VI  T  Y  (Corporate  author) 

2a.  REPORT  SECURITY  CLASSIFICATION 

U.  S.  Army  Human  Engineering  Laboratories 

Unclassified 

Aberdeen  Proving  Ground,  Maryland  21005 

2b.  GROUP 

1  3 ■  REPORT  TITLE  j 

A  PRELIMINARY  STUDY  OF  VARIABLES  AFFECTING  CALL  PROCESSING 
EFFICIENCY  IN  A  TACTICAL  ENVIRONMENT 


4.  DESCRIPTIVE  NOTES  (Type  of  report  and  inclusive  dates) 


8-  AU  THOR (3)  (First  name,  middle  initial,  last  name) 

R.  Bruce  McCommons 
Lawrence  J.  Inman 


8.  REPORT  DATE 

7a.  TOTAL  NO.  OF  PAGES 

7b.  NO.  OF  REFS 

December  1969 

24 

0 

S«.  CONTRACT  OR  GRANT  NO. 

9a.  ORIGINATOR'S  REPORT  NUM*BER(S) 

6.  PROJECT  NO. 

Technical  Memorandum  23-69 

c. 

9b.  OTHER  REPORT  NO(S>  (Any  other  number*  that  may  be  aeeijned 
this  report) 

d. 

10.  DISTRIBUTION  STATEMENT 

This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is  unlimited. 

11.  SUPPLEMENTARY  NOTES 

12.  SPONSORING  MILITARY  ACTIVITY 

13.  ABSTRACT 


An  initial  survey  was  conducted  to  identify  variables  affecting  cal  I -processing  efficiency  in  a  tactical 
communications  environment  from  tape  recordings  of  live  switchboard  traffic  obtained  at  operational  sites 
in  South  Vietnam. 

The  collected  data  were  analyzed  to  furnish  specific  information  regarding  traffic  composition,  average 
call-processing  times,  and  operator  efficiency. 


DD  ,*^..1473 


REPLACES  OD  FORM  1479.  1  JAN  94.  WHICH  IS 
OBSOLETE  FOR  ARMY  USE. 


Security  Classification 


Security  Classification 


